Background: Approximately 5% of all breast cancers can be attributed to a mutation in the BRCA1 or BRCA2 gene. The genetic component of breast cancer in Colombia has been, for the most part, studied on cases from the Bogota region. Five different founder mutations were in two studies of breast cancer patients in the Bogota region. It is important that the frequency of mutations be established among unselected cases of breast cancer of other regions of Colombia in order to estimate the genetic burden of this cancer in Colombia and to plan genetic services. The aim of this study was to establish the mutation frequencies of the BRCA genes in breast cancer patients unselected for family history or age, from Medellin, Colombia. Methods: We enrolled 280 unselected women with breast cancer from a large public hospital in Medellin, Colombia. A detailed family history from each patient and a blood sample was obtained and processed for DNA analysis. Mutations in BRCA1 and BRCA2 were sought using a combination of techniques including a panel of recurrent Hispanic BRCA mutations which consists of fifty BRCA1 mutations and forty-six BRCA2 mutations, including the five recurrent Colombian BRCA mutations. All mutations were confirmed by direct sequencing. Results: Genetic testing was successfully completed for 244 of the 280 cases (87%). Among the 244 cases, three deleterious mutations were identified (two in BRCA1 and one in BRCA2) representing 1.2% of the total. The average age of breast cancer in the mutation-positive cases was 34 years. The two BRCA1 mutations were known founder mutations (3450del4 in exon 11 and A1708E in exon 18). The BRCA2 mutation was in exon 11 (5844del5) and has not been previously reported in individuals of Colombian descent. Among the three mutation-positive families was a breast cancer family and two families with no history of breast or ovarian cancer. Conclusion: The frequency of BRCA mutations in unselected breast cancer cases from the Medellin region of Colombia is low and is approximately 1.2%.
Introduction
Mutations in the BRCA1 and BRCA2 genes confer high susceptibility to both breast and ovarian cancer. The lifetime risk of breast cancer in women who carry a mutation is estimated to be up to 80%, but the risk may vary according to the specific mutation, by the country of residence, and by the family history [1] [2] [3] [4] [5] . In Colombia, breast cancer is the most common cancer and is the second most common cause of death among women [6] . In 2008, approximately 6,655 new cases of breast cancer were diagnosed in Colombia [6] . The age-standardized incidence for breast cancer was estimated to be 31.2 cases of breast cancer per 100,000 per year [6] , compared to 83.2 per 100,000 per year in Canada and 127.3 cases per 100,000 per year (whites) in the USA (SEER Registry).
Genetic testing for mutations in BRCA1 and BRCA2 has potentially important health implications as physicians could offer risk-reducing options such as prophylactic mastectomy and oophorectomy, tamoxifen, as well as specialized surveillance programs for mutation carriers who have not yet developed cancer, as well as targeted cancer therapies for women with BRCA-associated cancer [7] [8] [9] [10] [11] . However, genetic testing is commonly available in North America, Europe, Australia and Israel, but is not generally available in South America due to its expense. Genetic testing could be made accessible to women in developing countries if common BRCA founder mutations in the two genes can be discovered or if the cost of genetic testing is reduced. Populations with a large proportion of genetically associated cancers attributable to founder mutations include the Ashkenazi Jewish [12, 13] , Bahamian [14] , Polish [15] , Mexican American [16] [17] [18] , and French-Canadians [19] . The presence of founder effects within these ethnic groups has enabled rapid and low cost screening compared to the cost of complete sequencing of both BRCA genes [20] .
Three previous studies have evaluated the prevalence of BRCA1 and BRCA2 mutations in breast cancer cases in the Colombian population. These two studies have described five founder mutations in the Colombian population [21, 22] . Another study demonstrated a high frequency of recurrent BRCA mutations among ovarian cancer cases in Bogota [23] . Although these studies provide strong evidence for an important role of genetics in the etiology of breast and ovarian cancer in Colombia, they have been limited to cases from the Bogota region. Evaluation of unselected cases from other regions of Colombia may lead to the detection of additional founder mutations and will establish whether low cost panel approaches to implementation of genetic services are feasible in this country. We performed mutation analysis of BRCA1 and BRCA2 on unselected patients with breast cancer from the region of Medellin, Colombia.
Material and methods

Patient population
We conducted a study on unselected breast cancer patients diagnosed at any age from February 2007 to April 2009, recruited from a single large public hospital in Medellin, Colombia (Hospital Universitario San Vicente de Paúl). In total, 280 patients were approached by the research coordinator to participate in the study during an out-patient visit to the medical oncology clinic, or during a hospital admission. All patients agreed to participate. The research coordinator described the study to the patient and informed her of the implications of genetic testing. After written informed consent the patient was interviewed in person by the research coordinator for her medical and lifestyle history as well her family history of cancer, with specific reference to a history of breast or ovarian cancer. Risk factor questionnaires, family pedigrees, and blood samples were obtained for all 280 participants. Tumor histology, tumor size, lymph node involvement and grade were abstracted from the medical records. Bioethics Committee for Human Research of the University Research Center at Universidad de Antioquia (CBEIH-SIU) in Canada and the Research Ethics Board at the Women's College Research Institute in Canada approved the protocol.
Laboratory methods
DNA was extracted from blood samples using Puregene DNA extraction kits at the Unidad de Genética Médica, Universidad de Antioquia in Medellín. An adequate amount of DNA was obtained for 244 of the 280 patients (87%) and a sample of this DNA was sent to the laboratory of Dr. Narod. Mutation analysis took place in the laboratory of Dr. Narod at Women's College Hospital in Toronto and in the laboratory of Dr. Weitzel at City of Hope National Medical Center in California.
Exon 11 of BRCA1 and exons 10 and 11 of BRCA2 were screened by the protein truncation test (PTT). Primer sequences used to amplify overlapping fragments for the PTT were obtained from the Breast Cancer Information Core. PTT was performed using the TNT™ rabbit reticulocyte lysate system (Promega Corporation, Madison WI), involving [ 35 S] methionine/cysteine (New England Nuclear, Boston MA) for protein detection. We also tested for the three common mutations, BRCA1 185delAG, 5382insC and BRCA2 6174delT that are most commonly seen in Ashkenazi Jews and others of eastern European ancestry. These founder mutations were assayed using a rapid multiplex method [24] .
DNA samples from study subjects were also tested for a panel of recurrent mutations that is estimated to account for up to 80% of Hispanic BRCA mutations [23, 25] . The panel consists of fifty BRCA1 and forty-six BRCA2 mutations, including the five recurrent Colombian BRCA mutations reported in the literature, BRCA1 (A1708E; 3450delCAAG) and BRCA2 3034delACAA; 6076delGTTA; 6503delTT [21, 22] , distributed across four multiplex PCR reactions and analyzed with Sequenom MassArray technology. BRCA1 A1708E has also been reported as a recurrent mutation in Spain and among Mexican Americans [16, 26] . All deleterious mutations were confirmed by direct DNA sequencing.
Results
A total of 244 breast cancer patients were tested for BRCA1 and BRCA2 mutations using a combination of laboratory techniques. On average, 2.3 years had elapsed between the date of diagnosis and the date of interview. The mean age of the patients at diagnosis was 42 years (range 23-55) and the mean age at interview was 44 years (range 25-60). 35% of the patients were diagnosed before the age of 40 and 98% were diagnosed before the age of 50. Only 66 of the patients (27%) had a first-or second degree relative diagnosed with breast cancer or ovarian cancer at any age.
A mutation was found in 3 of 244 (1.2%) patients; two with a mutation in BRCA1 (0.8%) and one with a mutation in BRCA2 (0.4%) ( Table 1 ). All three patients were diagnosed at age 40 or below. In this subgroup, the prevalence of mutations was 3.5%. The average age of diagnosis in the women with a BRCA mutation was 34 years, compared to 42 years for the non-carriers.
A deleterious mutation was seen in 1 of 29 patients (3.4%) with a history of breast cancer in a first-degree relative and in two of 215 (0.9%) patients with no family history of breast cancer in a first-degree relative.
A history of gastric cancer in a first-or second degree relative was reported for 49 of 244 patients (20.1%). None were identified as a mutation carrier. Only one of the three women with a mutation had a first-degree relative affected with breast cancer. Two of 130 patients (1.5%) without a family history of any cancer were found to carry a mutation. None of the mutation carriers had a family history of cancer other than breast cancer.
Discussion
The aim of the current study was to estimate the prevalence of BRCA mutations in a series of unselected female breast cancer patients from the Medellin region in Colombia. We identified a deleterious mutation in 1.2% (3/244) of the women in the study. Among women diagnosed before age of 40, the mutation prevalence was 3.5%. Genetic testing for BRCA mutation is justified in this subgroup of women. Only two (3450del4 and A1708E) of the five reported Colombian founder mutations were identified in this study. Thus, the prevalence rate of recurrent mutations in this study is 0.8% which is lower than the 4.2% rate (32/766) found in the unselected breast cancer cases from Bogota [22] and the 15.6% rate (15/96) found in the unselected ovarian cancer cases from the Bogota region [23] .
Given that Colombia is a large, populous country and ethnicity varies from state to state, it is important to investigate the prevalence of mutations in other geographical areas of the country other than Bogota. So far studies have been limited to breast cancer patients and ovarian cancer patients from the Bogota region [21] [22] [23] . The prevalence rate of BRCA1 and BRCA2 mutations in this study is the lowest reported in South American studies with breast cancer populations unselected for age or family history. The prevalence rates in these South American studies range from 2.3-7.1% in Brazil (2.3%) [27] , Colombia (4.2%) [22] , Chile (7.1%) [28] , Mexico (3.6%) (unpublished) and Venezuela (3.6%) (unpublished). The ages of diagnosis (under the age of 50) of the cases in this study is similar to that reported in these studies. This is not surprising given that in Central and South America the population is young and the majority of women with breast cancer are diagnosed under the age of 50 [29] . All three women with a BRCA mutation detected in this study were diagnosed under the age of 40, but none had a substantial family history of the disease.
The BRCA1 3450del4 founder mutation accounts for 11.5% of unselected ovarian cancers and represents 73% of BRCA mutations [23] and 1.6% of unselected breast cancers in Bogota [22] . The BRCA1 A1708E founder mutation accounts for 1.3% of unselected breast cancers [22] and 1% of unselected ovarian cancers in Bogota [23] . The latter mutation has been observed frequently in Spain [26] and in other Latin American populations [16] . The difference in mutation prevalence could be due to the fact that the patients from the Bogota and Medellin region might have different ethnicities. The high prevalence of the BRCA1 3450del4 founder mutation observed in the ovarian cancer cases suggests that there might be a regional population effect in Bogota and consequently this mutation might not have the same prevalence in other regions of Colombia, though the overall number of mutations detected was too small to draw conclusions.
The BRCA2 5844del5 mutation has never been seen before in individuals of Colombian descent, and it has only been seen in seven individuals from African descent in the BIC database. It was included in the HISPANEL because it has been observed in other Latin Americans [16] . The Colombian population is characterized by a high African heterogeneity and possesses an important African, Indigenous, and Spanish influence.
Our study has several limitations. We did not perform full sequencing of BRCA1 and BRCA2, nor did we screen for large rearrangements using multiplex ligation-dependent probe amplification (MLPA) with the exception of the BRCA1 ex9-12del large rearrangement. This deletion was included in the Hispanic panel employed in this study as this deletion is suggested to be a Mexican founder mutation. Nonetheless, this mutation has not been shown to be present in breast cancer patients from the Bogota region of Colombia [22] and consequently it was not observed in this study. Its absence in both Bogota and Medellin supports the likely geographic origin in Mexico. Even though [23, 25] . This estimate of sensitivity is based on the population in Mexico City; the sensitivity of the HISPA-NEL panel is currently being assessed in other Hispanic populations. In addition, more than 60% of the coding sequence of BRCA1 and 50% of the coding sequence of BRCA2 were screened by the PTT assay. Thus, there might be mutations present in the Colombian population that are not included in these assays.
Conclusion
In conclusion, we have identified a founder BRCA mutation in approximately 1.2% of women with breast cancer in the Medellin region of Colombia. It is our goal to document founder mutations in the various ethnic populations of Central and South America to ultimately create a costefficient genetic tool that could identify women at highrisk in these countries for the purpose of cancer control.
